Abstract: miRNAs, due to their regulatory role in protein expression have a key role in a number of physiological and pathophysiological processes associated with peripheral and central sensitization mechanisms in the nervous system after nociceptive insults. Maladaptive changes in the levels of these proteins may contribute to abnormal synaptic transmission and neuronal intracellular signalling underlying the onset and development of neuropathic pain. The potential of miRNA profiles to serve as biomarkers of pain is emphasized considering the involvement of inflammatory mediators in inflammation-induced changes in miRNA expression. Such changes are considered to contribute to chronic pain development and maintenance. Therefore, miRNAs may be potential targets for the prevention and/or treatment of chronic inflammatory pain. Understanding of these mechanisms may enable the development of novel therapeutic strategies for preventing and/or treating chronic pain.
Introduction
Chronic pain is a major public health concern worldwide with catastrophic consequences affecting the quality of life (QoL). Chronic pain is usually caused by inflammation and tissue or nerve injury characterized by continuousor intermittent burning sensation, hypersensitivity to noxious stimuli (hyperalgesia), and pain in response to normally innocuous stimuli which is normally not painful (allodynia). Chronic pain can be much prolonged and outlast the period of initial injury or damage (e.g., on inflammation or nerve damage) and aggravate the disease burden, deteriorate quality of life and necessitate medical attention.
Recent investigation point the emergence of ncRNAs as key post-transcriptional regulators to target several mediators in pain pathways simultaneously by manipulating the expression and function of a single ncRNA. One of the most important reasons for their therapeutic aptitude is their ability to modulate the stability of a vast number of gene transcripts and ability to influence the expression of a multitude of mRNA targets and the corresponding proteins. Among ncRNAs, miRNAs are the best studied and are now recognized to be archetypal for the diverse attribute of the nervous system, ranging from development to disease pathology [1] [2] [3] [4] . MicroRNAs (miRNAs, miRs) and small interfering RNAs (siRNAs) constitute a class of small noncoding RNAs of 19-25 nucleotides that mediate RNA interference (RNAi) by post-transcriptionally modulating gene expression.
Role of miRNAs in Chronic Pain
Inflammation and nerve injury induce changes in the expression of receptors, enzymes, ion channels, neurotransmitters, neuromodulators, and structural proteins in primary sensory neurons of the dorsal root ganglion (DRG) at both the transcriptional and translational levels [5] [6] [7] . Such changes are thought to contribute to chronic pain development and maintenance.
An interesting association has been demonstrated very recently between abnormal expression of ncRNAs and the progression of diseases [8, 9] . Earlier studies have shown that peripheral inflammation and nerve injury initiate changes in the expression of some miRNAs and Kcna2 AS RNA in DRG [10] [11] [12] [13] and these changes might be responsible for inflammation/nerve injury-induced alterations of some painassociated genes, an increase in DRG neuronal excitability, and pain hypersensitivity [11, 13] . Recent evidence indicates that ncRNAs might be the pivotal player in the mechanisms that underlie the development and maintenance of chronic pain. Though studies on long ncRNAs are still at the early stage, accumulating evidence indicates that they specifically and selectively target their corresponding gene"s expression [13, 14] .
Biogenesis of miRNA
miRNA biogenesis is a two-step process in humans and includes both nuclear and subsequent cytoplasmic cleavage events performed by two ribonuclease III endonucleases, Drosha and Dicer [15] [16] [17] [18] [19] [20] [21] . The miRNA gene is transcribed to produce a primary miRNA (pri-miRNA) that is processed into a precursor miRNA (pre-miRNA) by the endonuclease Drosha and subsequently miRNA duplex (miRNA:miRNA*, passenger strand designated with asterisk) which ultimately releases mature miRNA [22] after transport to the cytoplasm by exportin 5, a further processing step by Dicer generates mature miRNA.
miRNAs in processing of pain
Altered protein expression is characteristic feature of chronic pain and contributes to the development of longterm hyperexcitability of nociceptive neurons resulting in peripheral and central sensitization [23] Licensed Under Creative Commons Attribution CC BY may involve expressional changes of signaling molecules, transmitters, ion channels, or structural proteins. As miRNAs exert anubiquitous influence on gene expression, they may have a key role in the contribution to these changes. Many studies investigating the regulation and function of miRNAs in different models of pathophysiological pain support this hypothesis. For instance, in an inflammatory rat model of CFA-induced muscle pain, the authors suggested that this decrease in miRNAs allows for an upregulation of ""pain-related"" proteins that facilitated the development of inflammation and allodynia. [10] 
miRNAs Regulated by Inflammatory Mediators in Chronic Pain
In peripheral inflammation or nerve injury, an increase in the inflammatory mediators such as interleukin (IL)-1β causes a change in the expression of miRNAs in dorsal root ganglion (DRG) neurons. This change includes up-regulation of some miRNAs (e.g., miR-7a) and down-regulation of other miRNAs (e.g., miR-21), resulting in an alteration in painrelated genes, such as an increase in β-subunit of voltagegated sodium channels (Nav), in DRG. Such an alteration leads to an increase in DRG neuronal excitability, spinal central sensitization, and pain hypersensitivity (hyperalgesia and allodynia) concluding the part of microRNAs (miRNAs) contribution to chronic inflammatory and neuropathic pain.
miRNAs in acute and inflammatory nociception
Since peripheral inflammation and nerve injury change the expression of many other genes in addition to Kcna2 in painrelated regions [5] [6] [7] , it is very likely that those genes, like Kcna2, are also regulated by a corresponding long ncRNAs. Significant regulations of long ncRNA transcription in conditions of peripheral inflammation and nerve injury may be a general cellular response which results in the induction and maintenance of chronic pain. As the long ncRNAs have the character of specifically and selectively targeting the corresponding genes, it is probable that the implication of long ncRNAs in chronic pain will become even more apparent in future.
Scope of miRNAs
miRNAs represent a new class of pain mediators. miRNA can relieve different types of chronic pain conditions. Developing miRNA-based therapies for the treatment of chronic pain may be feasible. However, a major setback in the process is delineating the peripheral and central mechanisms and contributions of the miRNA-mediated changes that lead to chronic pain. This is especially challenging given the wide range of expression of many known miRNAs. The second important challenge is to develop noninvasive means of delivering miRNA modulators, such as AMOs or mimics without significant off-target effects into DRGs, the brain, and/or the SDH. Developing ncRNA-based therapies for pain treatment remains a challenge because the nervous system is still an appalling ground for considerable manipulations.
Nevertheless, several recent studies provide advances and hope.
Conclusion
miRNAs or the genes they modulate can be direct targets for future therapeutic interventions. Various diseases are associated with exclusive expression of microRNAs (miRNAs), that reveal deep insights into disease pathology. Since aberrant miRNA expression is a typical feature in a variety of human diseases, an understanding of the gene regulation events in chronic pain mediated by miRNAs could provide avenue for the identification of biomarkers and discovery of novel therapeutic targets. A better understanding of the molecular mechanisms resulting in these maladaptive responses can help develop novel therapeutic strategies and biomarkers for neuropathic pain.
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